Fast parallel permutation algorithms by Keller, J. (Jörg)
Centrum voor Wiskunde en Informatica
REPORTRAPPORT
Fast Parallel Permutation Algorithms
J  . Keller
Computer Science /Department of Algorithmics and Architecture
CS-R9303 1993
	

fiffflffi! "#%$&'"() *,+-.
/ffi0
132465798 8 72
:3;=<
>?A@B?DC3EGFHJIKMLNPOQIIQLSRBCTRVUWYXZ\[^]Q_JUN!`PaZb!ZXcaZd[^e _Jf]QW
gih!jkJlmPn)k
oqpr^s\tJp\uwvxr y{z\vwp-vd|pi})~A p9})p~\vxrAsyŁDz\vYzTr vpu\ffipQz|=\9tQp~rAsyiy	 JzpD~\p9  u	s=zs
{o,r vd|=Ł¡ ¡¢*£¤BŁ¥})~^{\p\uYuGD~Auzsq puGuSv¦|JzsŁz{Pr vxr 	s)zuwvwD~*zyp§oqp})~^p\uGps\vz=zrA =)
z yD~r v¦|uS¨c©ª9«GªD|p~Ap¬­¯®9°Y±D°\²\²d²\°G¢*£9¤D³!ŁBu\|Svd|Jz\vfl©ªsp\p\u,vxr^p´¢*£¤,Ł-¢^£¤	µ
ª\¶
ŁV§S·,p~Ap¢^£¤	µ
ª\¶
Ł
{ps9vp\ufl¬vYr^p\uz}} r Qz\vYr sS93¢*£¤v=ŁV{zsQ¢^£¤D³Ł¸­¥¹=º*»ffi¼9¬½¢*£¤	µ
ª\¶
Ł¾®J¿D§!S z yD~r v¦|{usQp\p\À¨Ł¡«
})p~zdvxr su|)r |r u}\vYr^z §Á|puwvwD~*zy9pi~Ap\Â3)rA~^pps\vuD~¡©
ª
z)~^p=ŁÃyP Jz)r vwu\	Ł !¢^£¤
µ
ªQÄÅw¶
ŁÃy	 	Jz
pD~\p9  u(r ¬ÃÆÇ±PzsQ6¢^£¤VŁ ¡¢*£9¤	µ
ªQÄÅw¶
ŁÉÈ¦~Ap\u}§¡ËÊ- DQz!pD~\p9  u})p~})~AD\p\uYuGD~Vr ¬ÃÆÇ±
È¦~Ap\u}§¬­¯®JÊM§·psQ\p)vd|pSzr ¨c©ª9«Gª=~Ap\tQpQz uzvxrApdÌu}Jz\pvd~*zp\9ÍB§Á|p(~Ap\u vQzs=)py9psQp~*z r Îdp\v
z|)r^sp\uVSr v¦|ÏÑÐ´Ł !¢^£¤VŁ6}9~A{p\uGuGD~^uflu|v¦|Jz\vvd|p~svxrAp(r u¨Ł ¦Ïffi«9¢^£¤	µ
ª\¶
ŁBffi¨Ł¡ dÏffi«G !¢*£¤Pµ
ªQÄÅw¶
Ł
 DQz9\p9  u})p~fl})~AD\p\uGuYD~3z)~^psp\p\pffiDzsvd|py	 Jz9uGvD~*zyp~Ap\Âffi)r^~Apps\vwu~Apz)rAszuyDr tJps(z)9tJp§
Ò)ÓÓ{ÒÔÖÕ×ØÙÚÕ×cÛÜÝÞffiß	àádÙ¦Ü×âBãÕ9ÝMÝMÛ äÜMÕ×cÛå9æç¡èé
ê)ë	
èéìí
êD
èéìîî

èéìî
ë
âïðâ,Õ×ÙGñ9å9òMÛcÙ\Ý\ç
§
î
!ó	§
î
§
î
	ô§
î
§
í
õ
Ùö)÷Vå9òGø9ÝÕ9æøTùflØòGÕ9Ý¦ÙÝ\ç
Pp~\vYz\vYr su\ffiz)~*z  p9S y9D~r vd|u\{ÁSrApdÌwú3})z\pÁB~*z{p\)Í
û
å×Ù)ç
Á|)r uÑ~^p\uGpQz)~^|qr uÑ}Jz)~AvYr z  u\}{})D~vp\ü¦Övd|pþýSv|úDJr psQ\pqóJsDz\vxr 	s¸ÈMß¡o Êv¦|~Ay|Ãßó
,~Ap\dvQýý^ß sp~
	!s\v¦~z\\vs{()p~ßó
èî9è
§
 fiffffifl
 !fi
"$#&%('*),+(-/.1023-4056'*78#:9<;
-/.=?>@0),%3ACBD+505E)F0-/=E'HG(-H5I2JI/#HK&-/.*),%3AMLNI/-/O,OP'1#:9<A:OP#:Q
5Offi=R-=E#&.SG#&%T5%TU<VWUYX
Z
V\[^]`_1),02?a8;(.*#I-/'*'*#:.*'Hbcd2(-e056'7E)P'f0.*)FK@)g56O
)F9fi02(-/.*-h5.*-e-/),02(-/.iLCBj56+(+(),0),#&%56OI/-/O,OP'\),%8A:OP#:Q
5O=E-/=E#&.kS
#&.fLCBffilma?O,#In56O=E-/=E#:.S4I/-/O,O,';
-/.;3.#I/-/''*#&.d5/K:56),Oo5Q(OP-&bYU<56I2p;(.*#qI/-/'*'#&.=E#HK-/'BrlmaC),0-/=E'0#^02(-i5+3+()F0*),#:%
5O
'0#&.56A:-&G@0*2(-/%s)F01_1.*)F0-/'d023-/'-4),0-/=E'fQ56I7R),%M;
-/.*=C>(0-/+M#:.*+(-/.Hb
t
#H_d-K-/.HG@),9ffi023-456+(+(),0),#&%56O'k0*#:.m56A:-^),'fO,-/'*'f0*25%JLCBG@02(-^0m5'*7EA:-0*'1=E#&.*-1+3)FuEI/>(OF0nbv$-/IH56>('*-4%(#60W56O,O),0-/=E'
IH56%wQ
-xQ5Im7:-/+y>(;G50eO,-H56'0e'#&=E-h#:902(-/=z25/K&-C0#RQ
-x;
-/.*=C>@0*-/+s_W)F02(#&>@0456+(+3)F0)P#:%56Ofi'0#:.m56A:-&b{cd2()P'iIH5%
Q
-i+3#:%(-eQSE'k0m5.0),%3Ah_W)F02856%R),0-/=}|56%(+R9g#&O,OP#n_W),%(Ah02(-^ISI/O,-e|ffi~*|~|~nHn~|rbr[\0d=E#&'0<0_d#x),0-/=E'
25/K-^0#?Q-4Q5Im7:-/+s>3;G(%(#p=85H00-/.f2(#H_O,#&%(AC02(-4ISI/OP-4),'Hb

940*2(-w;
-/.*=C>@0m5H0)P#:%),'RŁ(@-+56'R),%,mi#&.E023-wI/Og56''8#69h;
-/.*=C>(05H0*),#&%('E),'8.-/'0.*),I0*-/+5'8),% Gd02(-/%02(-
'0.*>(I0>(.*-p#69d02(-p;
-/.*=C>@050)P#:%yIH5%DQ
-p>('*-/+y0#s'*I2(-/+3>(O,-?02(-?_f#:.*7JQ
-0_d-/-/%j02(-p;(.*#qI/-/'*'*#:.*'HbpW0*2(-/._1),'*-&G
_d-M2
5K-80#y7:-/-/;0*.56I756Q
#&>@0p_12()PI2+
5H0m5J)F0*-/=E'p56O,.*-n56+@Sj2
5K-MQ
-/-/%K)P'*)F0-/+G<),%#&.+3-/.x0#y;(.*-K&-/%q0?0_d#
;(.*#qI/-/'*'*#:.*'i_f#&.7),%(AE#&%w0*2(-C'm5=R-hISI/OP-p5%3+T;
-/.*=C>@0*),%(AE'*#&=E-h)F0*-/=E'W0_1)PI/-&bxcd2()P'e'*),=E;3O,-4),+(-H5ROP-H5+('e0#5
'*),=E;(OP-\Q56'*),Ie5OPA:#&.),02(=C6U<56I28;(.#I/-/''*#&.\rffi0567&-/'dIH56.*-W9o#:.W5hQ3O,#qI7p#:9ffiBffilma8+505h)F0-/=E'Hbffifi'k0m5.0'$_1)F02
56%8>3%K@),'*)F0-/+8)F0-/=|s#:9r),0'fQ(O,#I7856%(+89g#&O,OP#H_1'd02(-^ISI/O,-e02
5H0\'056.k0*'\),%8|s>(%q0),O)F0f=E-/-m0*'15%M)F0*-/=| 02501),'
56O,.*-H5+@S{K)P'),0-/+bcd2(),'=E),A&20Y256;(;
-/%pQ
-/IH5>3'-effi2
5'-/)F023-/.<.-H56I2(-/+?02(-1'k0m5.0#:9
02(-1ImS@I/O,-W56Aq5)P%8|M¡¢| PG
#&.4Q
-/IH5>('*-R5%3#6023-/.h;(.*#qI/-/'*'*#:.^'05.0-/+50h|   0#s_d#&.7J#&%w0*2(-?'m56=E-xISI/O,-&bRrf%(#H_£'*-H5.*I2(-/'^9o#&.{5%3#6023-/.
>(%qK)P'),0-/+M)F0-/=¤)P%M)F0'1Q(O,#I7M56%(+MI/#:%q0),%>(-/'Hbf  0-/.*=E),%50-/'f)F95OPO)F0-/=E'f)P%8),0'\Q3O,#qI7M5.*-iK@),'*)F0-/+ffib
t
#H_d-K-/.HGH0*2(),'fi'*),=E;(OP-56O,A:#&.*)F023==E),A&20ffiOP-H5+h0#e5%x>(%Q56Og56%(I/-/+{I/#&=E;(>(05H0*),#&%4)F93=856%Se;3.#I/-/''*#&.'ffi0-/.*=E),%50-
K-/.kS¢-H5.*OFSb£v<S¥)P%0-/.*.*>(;@0)P%(AD0*2(-yQ5'*),IT56O,A&#:.*)F0*2(=¦59g0-/.5jI-/.056),%¢%>(=CQ
-/.8#69h'0-/;('56%(+¢.*-H56O,O,#IH5H0)P%(A
;(.*#qI/-/'*'*#:.*'?0#D_f#:.*7
G$_d-JIH5%-/%(256%(I/-02(-J;
-/.9o#:.*=856%(I/-M#69^02(-JQ56'*),IJ56O,A&#:.*)F0*2(=Jb¢v$>@0p0#+(#y0250nGf_f-
%(-/-/+y=E#:.*-x56+(+3)F0)P#:%56O'k0*#:.m5A&-&bxcd23-x0),=E-§'*;56I-{0*.56+(-/#:¨),'^-(56I0OFSw+(-/'*I/.*),Q
-/+y),%J023-C=85)P%Tcd2(-/#&.-/=©:b

%¥023-s'*-/ªq>(-/OG$O,#&Aq«o¬­qB'2
5OPO\+(-/%(#:0-w®j0),=E-/'p56;(;3O,),IH50),#&%¯#:9eO,#&Ay0#DBG$=E#:.*-8-(56I0OFS¯O,#&A@«

­&B°¡zOP#:ABYG
O,#&A «o¬±

­ BJ¡¢O,#&A «o¬­ O,#&A<Bffi$9g#&.^®E²³:b$cd2(-^0-/.*=¤OP#:A@´Bw),'\+3-mŁ%(-/+J56'\OP#:A@´BJ¡¢=E)P%µ6®¶OP#:A «o¬­ Bw·³:¸&b
¹^º»
fi
»3¼
}½¾3¿wÀ*Á6ÂÃÄDÁ:Å ÆqÇ6ÈÃ!Éo¾qÊ
C
ÉÁË&¿ÂwÉ!ÃoÊE¿8Ì
L8O,#&A<BffiÎÍ
Ç6ÏÁ6ÏÐ<Ñ\ÐCÒÔÓ<Ñ1Õ1ÖØ×ÃÉg¾
BrlrOP#:A<B
Ù
È*ÇnÄ¿ÂÂ/Ç6ÈÂ/Ú$ÛÉffiÏ¿*¿kÜ6Â
B
ÁÜÜ6Ã!É!ÃÇ6ÏÁ:ÅÀmÃ!É!ÂfÃoÏCÆÅFÇÀ*Á:ÅÊE¿ÊpÇ6ÈÝ?Á6ÏÜWÌ
*ÞJLE
Å,ÇnÄ*Á:ÅÊE¿ÊpÇ6ÈmÝpÄ¿mÅoÅßÂ
Ù
¿mÈ
Ù
ÈÇHÄ*¿mÂÂ/Ç6ÈHÚ
ÛmÉ$Ä*Á6ÏTÀ¿h¿mÏ(¾(Á6ÏÄ¿Üà3á/Ç6ÈmÊxÃoÏÆEÁfá/Á6ÊxÃ!ÅâÝpÇká^Á:Å ÆÇ6ÈmÃÉg¾qÊxÂ

¬

¬
ÂãÄ¾RÉg¾(Á:É

¬
ÉÁË¿ÂeÉ!ÃoÊE¿\Ì
LO,#&A<BeOP#:A
«o¬­
Bffi
Ú
½¾3¿xÏ¿×äÁ:Å ÆÇ6ÈmÃ!Éo¾qÊxÂpÁÜÜ6Ã!É!ÃÇ6ÏÁ:ÅßÝEÏ¿¿Ü
BffilfiO,#&A
«o¬å

­
B
Ä*¿ÅoÅâÂxÃoÏÆ&Å,ÇÀ*Á:ÅYÊE¿ÊpÇ6ÈÝJÁ6ÏÜ?Ì
L¯OP#:ABffilfiO,#&A
«o¬å

­
Br
Å,ÇnÄ*Á:ÅfiÄ¿mÅoÅßÂ
Ù
¿È
Ù
È*ÇHÄ*¿mÂÂ/Ç6ÈnÚ
XD-C_1)PO,Ofi+(-/'*I/.)PQ
-{02(-pQ56')PI?5O,A&#&.),02(=z),%y+(-056),OY)P%T'*-/I0),#&%jæ856%(+y;(.*#HK&-x0*25H0h),0i_d#&.*7q'^_1),02Dç{Bri#:;
-/.§
50),#&%('4#&%D56%U<VWUYX
Z
V\[^]è_1)F0*28ay;(.*#qI/-/'*'*#:.*'Hb

%D'*-/I0)P#:%jE_d-x_W),O,OY'*2(#H_£02(-p.*>(%J0)P=E-C56%(+D'0#&.m5A&-
.*-/ªq>()P.-/=E-/%q0'W56'WA:),K&-/%J),%Jcf2(-/#&.-/=é:bdXy-h_1),OPO;(.*-/'-/%q0W.*-Ł3%3-/=E-/%0'f0*#p02(-C5OPA:#&.*)F02(=N02
5H0i.*-/'>3OF01),%s02(-
_123#:OP-W9!56=E),O,S?#:9Y56O,A:#&.*)F023=E'$),%8'*-/Im0*),#&%Mê(G35%3+R_f-i_W),O,O5%56OFS@ë/-i0*2(-/),.f.*>(%E0*),=E-^56%(+8'k0#&.m5A&-^.-/ª>(),.*-/=E-/%0'Hb
ì í1îrï/ oðxñòrfi
 P
º¼
XD-e_156%0f0#p;
-/.=?>@0-iBy+505C)F0-/=E'd#:%w5ia8;(.*#qI/-/'*'*#:.
Z
Vf[^]Db3ó-0eôä¡Brlay!_{b Ob #(b A(b_f-456'*'>(=R-iBJ0#pQ
-
5h=C>(O,0),;3O,-f#69ambrXD-^;5.0),0),#&%p02(-eB),0-/=E'<),%{aRQ(OP#qI7'f#69ffi'*),ë/-4ôä'>3I2E0*25H0fQ(OP#qI7põYI/#:%q056),%('f),0-/=E'<õÎôä0#
õÞHôö:b[iO,O)F0-/=E'156.*-456''*),A&%(-/+s5%w5+(+3)F0)P#:%
5OQ()F0f02
5H0W),%(+()PIH5H0*-/'f_12(-0*2(-/.102(-Ss56.*-456O,.*-H5+(S?K@),'*)F0-/+
#&.\%(#:0nb<cf2(-4Q()F0*'W56.-^),%(),0)g56O,O,SR56O,O'*-0f0#pë/-.*#3b
[£;(.*#qI/-/'*'#&.WIn56%JQ
-h)P%#&%(-{#6902(.*-/-h'050-/'Hd-/),02(-/.i),0W)P'1'*-H5.*I23),%(Ap9o#&.^5%J>(%qK)P'),0-/+),0-/=÷),%J)F0'WQ(OP#qI7G#&.
)F0\)P'f_d#&.*7q),%3AC#:%5CISI/OP-&G@#&.\),01),'d0-/.*=E),%
5H0*-/+b

915R;(.*#qI/-/'*'#&.4),'søÎ'*-H56.I23),%(A&ù3Gffi)F0^-35=R),%(-/'W023-?),0-/=E'e)P%w)F0*'4Q(O,#I7s0*#M0-/'04_12(-0*2(-/.^02(-SD56.*-xK)P'),0-/+b

0
I/#&%0)P%q>(-/'i>3%0)POffi)F01Ł3%(+3'^5%>(%K@),'*)F0-/+J)F0*-/=N#&.1>3%0)POffi),01.-H56I2(-/'W0*2(-h-/%3+#:9Y023-hQ(OP#qI7b

%s0*2(-4Ł3.*'01IH56'-&G
)F0
=856.7'f023-h)F0*-/=z5'WK@),'*)F0-/+w5%(+JI2
5%(A&-/'^)F0'W'05H0*-h0*#øÎ#&%JISI/O,-/ù3b

%s0*2(-xOg50k0-/.WIH5'*-&G),01I256%(A&-/'e),0'W'k050-
0#øÎ0-/.*=E),%50-/+3ù(b<[;(.*#qI/-/'*'*#:.1%(-K&-/.19o#:.*A&-0'i2(#H_956.1),01256'W'-H56.*I2(-/+J)F0'\Q3O,#qIm7RS-0nb

9)F01_1),OPOI2
5%(A&-h),0'
'050-i9o.*#:=úøÎ#&%MISI/O,-/ùC0#yøk'-H56.*I2(),%3A:ùp56Aq5),%ffiG()F0f+(#q-/'\%3#60\25/K-^0#C'056.0$9o.#&=0*2(-eQ
-/A&),%3%(),%(A?#69r02(-^Q(O,#I7
b

9$5?;(.*#qI/-/'*'#&.\)P'Eøk#:%ISI/O,-/ù856%(+25'e.-H56I2(-/+s),0-/=÷|ffiG302(-/%J)F0'e56I0),#&%J+(-/;
-/%(+('e#:%M0*2(-h'050-{#69|rb

9Y02(-
)F0*-/=}),'<%3#60dS&-0<K@),'*)F0-/+ffiG02(-/%R02(-W;(.*#qI/-/'*'#&.$_1),O,O3;(),I7?>(;p023-i)F0-/=JG=856.7{)F0f56'<K@),'*)F0-/+Gq'0#&.*-1)P%?|80*2(-W)F0-/=
)F0\;()PI7&-+M>3;R),%80*2(-e;3.-K@),#&>('f'0-/;G56%(+M=E#nK-W0#?|b

9r0*2(-e),0-/=¤)P'\56O,.*-H56+@S?K@),'*)F0*-/+Gq0*2(-/%802(-4;(.*#I/-'*'*#:.
_1)PO,O'k0#&.*-^02(-{;(.*-K),#&>('\),0-/=¤)P%s|T5%(+I256%(A&-h)F0*'\'05H0*-40#øk'*-H5.*I2()P%(A&ù(b

95?;(.*#qI/-/'*'*#:.û>3'k0W25'WI2
5%(A&-/+
)F0*'d'050-e0#yøk#&%8IS@I/O,-/ù3Gq023-/%8),0d=85/SE%(#:0f=856.*7{02(-^)F0-/=N56'fK)P'),0-/+GqQ
-/IH56>('*-e),0\56O,.*-H5+(SR=85.*7&-/+E)F0nG35%3+R)F0
256'\%(#p;(.*-K)P#:>3'\)F0*-=¤0#p'k0*#:.*-e)P%M|ffib
[;3.#I/-/''*#&.d=85/SE=E-/-0\5hK@),'*)F0-/+8)F0*-=N-/)F02(-/.fQ
-/IH56>('*-4)F0f.-H56I2(-/'f0*2(-4-/%(+M#:9ffi023-eISI/OP-x02(-4)F0*-/=_12(-/.*-i)F0
'056.k0*-+8),%E),0'f#H_1%EQ(O,#I7(<#&.$Q
-/IH56>('*-^56%(#:02(-/.\;3.#I/-/''*#&.$'056.k0*-+R0#{_d#&.*7C#&%E023-e'm5=E-1ISI/O,-i)P%p02()P'f)F0-/=Jb
[i%w),0-/=`|D)P%Q3O,#qI7JõfIH56%T%(#H_°Q
-?=85.*7&-+K@),'*)F0-/+wQqSs0_f#M-K&-/%q0'HW-/),02(-/.^;(.*#qI/-/'*'#&.^õd'*-H56.I23),%(A8Q(O,#I7Jõ
Ł3%3+('h|j0#sQ
-p>(%qK),'*)F0*-/+Gffi#&.x5%qST;(.*#qI/-/'*'*#:.^9o#&O,O,#H_1)P%(A802(-EIS@I/O,-p#:%y_W2(),I2D|O,),-/'4.*-H5Im2(-/'h|rb

%D#&.+3-.h0#
ü7&-/-;w02(-?56O,A:#&.*)F023=ýI/#:.*.*-/I0nG
_d-x25/K-{0#M5/K#:)P+w5EI/#:%(þ3),I0eQ
-0_d-/-/%T02(-/'*-{0_f#RIH56'-/'Hb^cd2(-/.*-9o#:.*-&G
_d-x'*;(O,),0
-H56I2D'k0*-;D#:9d02(-856O,A&#:.*)F0*2(=`)P%w0_d#s;
5.0'{'>3I2w02
5H0TøÎ'*-H56.I23),%(A&ùs;(.*#I-/'*'*#:.*'h5%(+D;3.#I/-/''*#&.'øk#&%yIS@I/O,-/ù
=8567:-^'k0*-/;('W56OF0-/.*%50-/O,S&b
cd23-e;(.*#&A:.m56=}9o#&.f023-eQ56'*),I^56O,A&#:.*)F0*2(=),'f'*2(#H_1%R)P%8Ł3A:>3.-C:b<cf2(-/.*-&Gß³+(-/%(#:0-/'\02(-4=85),=?>(=°%>(=CQ-.d#:9
'0-/;('d0#C057&-&bYXD-i_W),O,OI/#:=R;(>@0-^56%8>(;(;
-/.fQ
#&>(%(+R9g#&.fß)P%R'*-/I0),#&%M@b<U<56I28;(.*#qI/-/''*#&.$2
5'fO,#IH5OK&5.*)g56Q(O,-/'
 
G
	

G

G

56%(+

bfiff$56.*)g56Q(O,-
 
+(-Ł3%(-/'1023-4I>3..*-/%0W'k0m5H0*-4#69Y0*2(-4;(.*#qI/-/'*'#&.HG
fl	

I/#&>(%q0'h23#n_ 956.x5R;(.*#qI/-/'*'*#:.4256'h'*-H56.I23-/+T),0'hQ(OP#qI7Gffi

;
#&),%0*'^0#M023-EI/>(.*.-/%q0OFSJK)P'),0-/+y)F0-/=JG
56%(+

56%(+ 

5.*-C>('*-/+T0#s'0#&.-?+505R)F0-/=E'e0-/=E;
#&.56.*),OFSb"!iO,#&Q56O56..m5/S'{56.-"#$
 


T5%(+


bY[i..m5/S%#&
 


EI/#:%q05)P%('f0*2(-^þ
56A:'W#:956O,O),0-/=E'HG&

I/#&%056),%3'\0*2(-4)F0-/=E'd023-/=E'-/O,K&-/'Hb
'
#:0-{0250e),%J#&.+3-/.W0#E),=E;3.#HK-^02(-xI/#&%('05%q0i95I0*#:.4),%.>3%s0*),=E-&G
56O,'*#p023-{;3.#I/-/''*#&.'8øk#&%IS@I/O,-/ùR'*-H56.I2
),%8023-^Ł3.*'k0\;
5.01#:95x'k0*-/;b
U<56I2?),0-/=°IH56%pQ
-f0#&>(I23-+R50=E#&'0r0_1),I/-&G#&%(I/-WQSh0*2(-\;(.*#I/-'*'*#:.02
5H0<#H_1%('023-\Q(OP#qI7h0#^_12()PI2x023-1),0-/=E'
Q
-/O,#&%(A&'HG(56%(+s#&%(I/-^QS5%qSR;(.*#qI/-/'*'#&.d9g#&O,OP#H_1),%(AC02(-^ISI/O,-4#&%8_12()PI2802(-^)F0-/=N),'Hb
t
-/%(I/-i0*2(-^0#:056O%>(=CQ
-/.
#:9fi#&;
-/.m5H0*),#&%('\),'eç{Bffimb
"$#&%(I/>(.*.*-/%0^5I/I/-/'*'W0#856%J)F0-/=÷I/#:>3O,+J#:%3OFS82
5;3;
-/%w)F9Y)F0'e#n_W%(-/.W=85.*7q'1)F0^5%3+)P%M02(-{'56=E-4'0-/;G5%(#:023-/.
;(.*#qI/-/'*'*#:.h9g#&O,OP#n_W),%(Aw5MIS@I/O,-E=E-/-0'{)F0nGfi0##(bJv<SD';3O,)F0*),%(AM-H56I2'k0*-/;j),%q0#0_f#;
5.0'HGffi023),'x),'C5K#&),+(-/+¯5%(+
023-.*-9o#:.*-{56%JU<VWUYX
Z
V\[^] ),'\'*>@uEI/),-/%0Hb
( ðxîrñ*)fiï/ !ï

%#:.*+(-/.10#p'*),=E;(OP)F9gSC02(-C5%
5O,S'*),'f_f-^_1),OPO56'*'>(=R-W0250W-H56I2s;3.#I/-/''*#&.\IH56%sŁ3%3+M023-4%(-q0i>(%qK),'*)F0*-/+M)F0-/=
),%J)F0*'iQ(O,#I7M),%J>(%(),010*),=E-&bWcd23-40)P=E-{5I0>
5OPOFSs';-/%0e#&%'*-H56.I23),%(Ap0*2(-xQ(O,#I7M),'^50e=E#&'k0^ô5%3++3#q-/'i%(#:0
5¨-/I0\02(-^_f#:.*'0\IH5'*-4Q
-/25/K)P#:>3.\'*7:-0I23-/+Q-OP#H_hb<cd23-/.-9o#&.-e_d-^_W),O,O
%3-/A:O,-/I0i)F0Hb
"$#&%('*),+(-/.$02(-h56O,A:#&.*)F023=};
-/.*=C>@0*),%(A4Bw),0-/=E'_1)F0*2xaR;(.*#qI/-/'*'*#:.*'$'*>(I2R0250a,+¢ôpbYXy-^56'*'>3=E-eL ¡°^5%(+
ô£²æi9o#&.$'*),=E;3O,),I/),0Sbrcd2(-W.>3%p0),=E-1),'<Og56.*A:-/'0$)F9-H5I28;(.*#qI/-/'*'*#:.0*-.*=E)P%5H0*-/'d5'd-H5.*OFSp56'$;
#&''*)PQ(O,-&GQ
-/IH5>3'-
023-%T023-x_d#&.*7+(#&%(-?;
-/.e'0-/;y),'e=R),%(),=M5OG56%(+J_W)F02j5?Ł3-/+T_d#&.70#M+(#3G02(-C.*>(%J0*),=E-h)P'eOo5.*A&-/'k0nbCcd2(),'
_d#&.*'k0WIH5'*-4IH5%JQ
-{56I2()P-mK-/+JQS5x;
-/.*=C>@0m5H0*),#&%G@_12(-/.*-{56O,Offi;(.*#I/-'*'*#:.*'f_f#:.*7E)P%J5'19o-_Q(O,#I7q'e5'W;
#&'*')PQ(O,-&b
cd23-%M)P%M#:%(-^'0-/;?al&ô Q(O,#I7q'1IH5%MQ
-eK)P'),0-/+MI/#:=E;(OP-0-/OFS856%(+802(-4.*-/'*;
-/Im0*)FK-e;3.#I/-/''*#:.*'d0-/.*=E),%
5H0-&b

9a

;(.*#qI/-/'*'*#:.*'15.*-4'0),OPO56I0)FK-{59P0*-/.1'0-/;sõ*G(),0f9g#&O,OP#n_W'f02
5H0<a
±
^²ya3ösal&ô¡aÎ\ö¥Hl&ôxb

9_d-{+(-Ł3%3-ia-x¡as023-/%8a3d²¯aWö¢Hl&ôx

bicf2(),'WI/#&%0)P%q>(-/'h5'eO,#:%3A85'da$²ôpbeó-0h®MQ
-{02(-{=85H@),=856O
),%3+(-w'>3I2w02
5H0Wa
¬
²°ôpb?cd2(-/%Gfi59g0-/.C®{ÞC'0-/;('HG02(-?.-/=856),%()P%(A{a
¬±
/.
ô;(.*#qI/-/'*'*#:.*'e%3-/-/+ôxlma
¬±

'0-/;('0#^K)P'),0Y#:%(-fQ3O,#qIm7{I/#&=E;(OP-m0*-/OFSbficd23-d;3.#I/-/''*#&.Y0*25H00#q#&7xIH5.*-f#690250Q3O,#qI7h0-/.*=E),%50-/'56%(+^a
¬±

öM
;(.*#qI/-/'*'*#:.*'W.-/=856),%ffib1cf2(-SM0567:-pôxlq,a
¬±
WöH\'0-/;3'W0#EK@),'*)F0102(-x%(-0eQ(O,#I7sI/#&=E;(O,-0*-O,SbWcd2()P'iI/#:%q0),%>(-/'
>(%q0),Or56O,O023-4.-/=856),%3),%(Aia
¬±
iQ(OP#qI7'i56.*-iK@),'*)F0-/+b
cd23-i0#:056Offi.*>(%80)P=E-e)P'dß¡³®eÞ1012fl3546
87ffi
ôxlõ·®^Þ¯ôDO,%a
¬±

·¢®eÞôTOP%iôpb

%D#&.*+(-/.i0*#sI/#&=E;(>@0-p®
G_f-p56''*>(=E-h02(-?_d#&.*'k04IH5'*-^a
¬
¡a*eöHl&ôx
¬
5%3+wŁ%(+D56%D>(;(;-/.^Q#:>(%3+T#&%j®
'*>(I2J02
5H0fa
¬
²äôpb4cd2(-{),%(-/ª>56O,)F0SEaiöHl&ôx
¬
²ô}IH56%wQ
-x'*#:O,K&-/+J0#®J·OP#:A3Îô{lma
klrOP#:A3*iö¢Hl&ôxf¡
O,#&A3,a
l:ôxlrO,#&A3ôxlqôäö¯kb
X)F0*2sO,#&A(:9WÞHöTO,#&A3:9qd²³Hl9{_f-4#:Q(056),%J®R·¯OP#:A3Pal&ôx<;&ô³öHf56%(+M2(-/%3I/-
ß·¢ôCO,#&A3,al&ôxffiÞjOP%Wô{¡
Ì
Bffilma
qO,#&A$Br
'*),%(I/-{ô¡¢Bffilmab<cd2(-^0*#6056Offi.*>(%80*),=E-W9o#:.\02(-4IH56'-1aR¡¢BrlrOP#:A<By),'1501=E#&'k0fß¡
Ì
kOP#:A<BrÎÍHmb
=?>

%3)F0)o5OP),ëH5H0*),#&%@>&
A:BDCxõ< ¡FE"GflBEapö¯IH<JCKB
rk
 
ß¡ML(U[^V\"
t\N'
!PO
  8
	

ß¡QEO
A?BCSR  ¡FE"GflBTôö¯TKB
#&
 


 õÎô¢ÞURffi ¡VE
BK
BK1O
A:BDC"Wdß¡SGflBJßXKB
A?BCxõ< ¡QEYGflBRa?ö¥IHZJCKB
?>4Ł.'01;
5.0\#69Y'0-/;>&
[ Ad  
 ]\
¡c\U<VW]
N'
[$c\Uffi^_G`ab
?>{Ł3.*'0f;
5.0\#69Y'0-/;>&
[
A$


 
¡QL(U[^V\"
t\5'
!MG`ab


8

ß¡¢õÎôÞ¥

cfl	

[
Affi#&
 



â

c

¡_EYG`ab
#$
 


ârc

ffi ¡/O



 
ß¡
'
UYX "ffidh"fórUVO


 

ß¡X

â

c


aegfha


cfl	

ß¡

cfl	

Þ/O
[
Af

8
	

¡³ôiG`ab



 
ß¡c\U$V1]
N'
[$c\Uffi^
j
j
aekfla
[
Affi#&
 



âô4õ
Þ

8
	

¡äIG`ab


cfl	

ß¡

cfl	

Þ/O
[
A

8
	

¡³ômG`ab
r
 
ß¡c\U$V1]
N'
[$c\Uffi^
j
j
jVO
?>x'-/I/#&%(+s;
5.0\#69Y'0-/;>&
[ Ad  
 
¡³
'
"ffidh"\óffiUnG`ab
[ Affi#&
 



ßffiÎ8

¡METG
`ab
#$
 


ßffiÎ8

¡äoO
   

ß¡X

â  8

ffiO


â  8

rß¡³   

O
   

ß¡³   

O
rk8

ß¡rk8


aekfla


â

8

rß¡³

 

O



 
ß¡VL(U[^V\"
t\N'
!PO
rk8
	

ß¡rk8
	

Þ
j
aekfla
[
Af


 
¡
'
UYX "ffid{"fóffiUpG`ab


8

ß¡

8

qO


8
	

ß¡
'
"ffidh"\óffiU
j
j
j
BK
BKFO
r
 oòfifl
»

b<vf5'*),I^[iO,A&#&.),02(=
scd23-w95I0sOP#:A3?9pÞHeöO,#&A3:9q² l9IH5%³Q
-y#:Q(056),%(-/+³QS#:Q('*-/.K)P%(A0250O,#&A(|R),'MI/#&%0)P%q>(#&>('w5%(+
+(),¨-/.-/%q0)g56Q(OP-^5%3+M0250\)F0'\Ł3.*'k0f+(-/.*)FK&5H0*)FK-Cl|1OP%iæ&<),%802(-^),%q0-/.K:56O< 9(~t9dÞm),'i5O,_\5/S'fOg56.*A:-/.d02
5%yl9(b

9<Lu+4)F0\)P'\'0.m5)PA:2q0k9o#:._\56.*+802501ß³·
Ì
kLCBrlmaqOP#:A<Brb
v
.#&=©02(-J+(-/'*I/.)P;@0)P#:%¯#:9^02(-T5OPA:#&.*)F02(= )F0E),'pI/O,-H56.C0*250R)F0E%(-/-/+('RB³A&O,#&Q56O\Q(),0'856%(+¥0250
Ì
LExO,#IH5O
=E-/=E#&.kSpI-/OPO,'f;
-/.\;3.#I/-/''*#&.W5.*-4'*>@uEI/),-/%0Hb
w x
»y
 !
»(¼W»
ffiï
cd23-1=85û#&.+(.m5_WQ5Im7C#69r56O,A:#&.*)F023=   ),'02
5H0$=856%SC;(.*#I-/'*'*#:.*'<I/#&>(O,+?0-/.*=E),%50-\K&-/.SC-H5.*OFSb

902(-/'*-i)P+(O,-
;(.*#qI/-/'*'*#:.*'eI/#&>(OP+wQ
-C>('*-/+j5Aq5)P%w0#M+3#M>('-9o>(OY_d#&.7G0*2(-C.*>(%T0),=E-{I/#:>3O,+TQ-C+(-/I/.*-H5'*-/+bxcffi#M+(#80250nG_f-
25/K-\0*#4),%0*-/..*>(;@0023-1Q
5'*),Ii5O,A&#&.),02(=£Q
-9o#:.*-10#q#4=856%SC;(.*#I/-'*'*#:.*'25/K&-\0-/.*=E),%50-/+G56%(+C0*#h.*-/+(),'0.*),Q3>@0-
_d#&.*7p0#p;(.*#qI/-/'*'#&.*'nb
[i'*'>3=E-4_f-{)P%0-/.*.*>(;@0^02(-?Q5'*)PIC56O,A&#:.*)F0*2(= 5H9g0-/.zW 'k0*-/;('Hb
v
#&.e'*),=R;(O,)PI),0SG_d-?56A56),%yI/#:%3')P+(-/.hLz¡&b

%
'0-/;Eõfi50$O,-H56'0fia3;(.#I/-/''*#&.'$56.-i5I0),K&-102
5H0dK),'*),0+505^),0-/=E'nb
t
-/%(I/-&G@5H9g0-/.{Wfi'0-/;('HG@50$O,-H56'k0{|&}¡ 0
k~}
a
+505C)F0-/=E'156.*-iK)P'*)F0-/+bX)F02?aY²Da\ö¯l&ô{

_d-^#:Q(05)P%
|
}
²ya
g~D}
\ö¥Hl&ôx

¡a
\ö¥1ö¯Hl&ôx
}
±

fö¥1ö¯Hl&ôx
¡a
ôC*\ö1ö¥l&ô{
}
±


X)F0*2sBw¡¯aôpG(0*2(-h%>(=CQ
-/.f#:9>(%qK),'*)F0*-/+8),0-/=E'W59g0-/.qW$'0-/;3'i56I/I/#:>3%0'i0#
}
¡Bön|
}
·¥BY\öl:ôx
}
±

b
iQ('*-/.K),%3AC02
5H0x*iöHl|N8·lhO,-H56+('W0#@
}
·BYl
«
}
±

­g
bi[i'*'*>(=E-e0250SWf¡ôDO,%¢ö¢49o#&.i'*#:=E-
4b<cf2(-/%U}d·¯Bffilh4b

9 ¡ô?G0*2(-/%50^=E#&'k04Bffil&ô÷¡aT),0-/=E'e.*-/=856),%J>(%qK),'*)F0*-/+b

9d-H56I2D;(.*#qI/-/'*'#&.eIH56%DQ
-R5'*'*),A&%(-/+w0*#s#:%3-
#:9d0*2(#&'-8)F0-/=E'4)P%D0)P=E-WGfi023-/%j0*2(-E;(.*#qI/-/'*'*#:.*'hI/#&>(OP+j;()PI7T>(;j02(-E.*-/=856),%()P%(AM)F0-/=E'{56%(+'k0*#:.*-p02(-/= ),%
;
-/.*=C>@0-/+4#&.*+(-/.fi),%^0)P=E-
Ì
LEbcd2()P'ffiO,-H56+('r0#e5OPA:#&.*)F023=
Í
GH_W2(),I2{.>3%('ffi)P%40)P=E-
Ì
ŁWkLEb
v
#&.
aR¡¢BrlrOP#:ABYG
023),'4S@),-/O,+3'{58.*>(%w0*),=E-C#:9
Ì
kWLEe¡
Ì
L¯OP#:ABeOP#:A<OP#:ABffimbMcd2(-p'0#&.56A:-p.*-/ªq>()P.-/=E-/%q0'h5.*-?B¥A:OP#:Q
5O<Q(),0'HG
Ì
ÎLE$O,#IH5O=E-/=E#&.SxI/-/OPO,'\;
-/.1;(.#I/-/''*#&.W56%(+M023-4'k0*#:.m56A:-^%(-/-/+(-/+9o#:.\.*-§5'*'*),A&%(),%(AC02(-4;(.*#I/-'*'*#:.*'Hb
cd23-f56O,A&#:.*)F023=E'
¬
Gq®E²@G56.-<#&Q@056),%3-/+CQShI23#q#&')P%(Az¢¡¢O,#&A
«o¬å
Í
­
ô?b

%xIH56'-YaR¡BffilfiO,#&ABYG:BrlfiO,#&A
«o¬å

­
B
)F0*-/=E'ffi.*-/=85)P%4>(%K@),'*)F0-/+ffibYU<56I2x;(.#I/-/''*#&.Y;()PI7q'fi>(;COP#:ABffilfiO,#&A
«o¬å

­
BE#69023-= 5%3+{'0#&.*-'Y02(-/=)P%{;-.*=C>(0-/+
#&.+3-/.nbJcd23),'hOP-H5+3'h0*#.*>(%j0),=E-/'xL¯OP#:ABeOP#:A
«!¬m­
B56%(+j)P%(I/.-H56'*-/'4023-R'0#&.56A:-E.*-/ª>(),.*-/=E-/%0'^0*#DL
}
lma¯¡
L¯O,#&ABffilfiO,#&A
«o¬å

­
ByO,#IH5O=E-/=E#&.kSpI/-/O,O,'f;
-/.\;3.#I/-/''*#&.nb
®4IH5%xQ
-\5H0Y=E#&'k0ffiOP#:A
«
´
­
BG6_12(-/.*-d56%{#&;@0*),=856O.>3%h0*),=E-#69O,#:A<BR),'fi.-H56I2(-/+xQ(>(0r_W2(-/.-d'0#&.56A:-d.*-ª>()P.-/=E-/%q0'
.*-H5I2MLO,#&A<BMO,#IH5O=E-/=E#&.kShI/-/O,OP';
-/.<;3.#I/-/''*#&.nbcd2()P'<),'%(#hQ
-00-/.<0*25%p0*2(-f0*.),K)g56O56O,A&#:.*)F0*2(= =E-/%0*),#&%(-/+
),%8023-4),%q0.#+(>(I0*),#&%b
cd23-e%>(=CQ
-/.f#:9#:;
-/.m50),#&%('f9o#&.W56O,Or56O,A&#:.*)F023=E'$'0)PO,O)P'iç{Brb
[iO,O$56O,A&#:.*)F0*2(=E'4IH5%Q
-E'*O,#H_d-/+D+(#H_1%>('*),%(AEa
.
BffilfiO,#&AB¥;3.#I/-/''*#&.'Hbscf2(),'4IH56%jQ
-E+3#:%3-EQSD')P=C>(Og50)P%(A

¡äBffilq,a\O,#:A$Bffi\ù:K)P.k0*>5OPùE;(.*#qI/-/'*'#&.*'1#:902(-xBffilfiO,#&AB
§;(.*#qI/-/'*'#&.^56O,A&#:.*)F0*2(=ý#&%s0*2(-ea§;(.*#qI/-/'*'#&.^=85I23),%(-&b
cd23-R.*>(%D0*),=E-E),%3I/.-H56'*-'xQqS5s95I0#&.p#69

G.-/'*>(OF0*),%(AJ),%ß÷¡
Ì
LCBrla
qO,#&A
«!¬­
Brbjcf2(-EA&O,#&Q5Of'0#&.m5A&-
.*-/ªq>()P.-/=E-/%q0'4.*-/=85)P%D56'4023-Sj56.-&bJcf2(-EO,#IH5O<'0#&.56A&-E.-/ª>(),.*-/=E-/%0*'456.*-85OP'#),%(I/.*-H5'*-/+jQqSj589!56I0#&.

G
O,-H56+()P%(Ax0#sLCBrla
qOP#:A
«o¬å

­
ByO,#In56O=E-/=E#&.kSCI/-/O,OP'\;
-/.\;3.#I/-/''*#&.nb
XD-sŁ%(),'*2¯0*2(-J'-/I0*),#:%QS¥;(.*-/'*-/%0)P%(Aj23#n_ý;(.*#I-/'*'*#:.*'856.-.-§5'*'*),A&%(-/+0#>(%K@),'*)F0*-+)F0*-/=E'nb
v
),.*'k0HG<02(-
;(.*#qI/-/'*'*#:.*';(.*#q+(>3I-i5eO,),'0#:9)P%(+(-/I/-/'<#:9>(%qK),'*)F0*-/+?),0-/=E'nbYcd2(-\OP),'0256'<O,-/%(A:02%¡¢BrlrOP#:A
«!¬å

­
Bb
Z
.*#I/-'*'*#:.
õ_1)PO,O0567&-hIH56.-e9g#&.W)F0-/=E'fõ?!lmaM0#sõÞ!lmaEö¯e),%802
5H0iO,)P'k0Hb
cd23-<O,),'0ffi),'rA:-/%(-/.m50-/+{_1)F0*2^02(-$23-/O,;4#:93;56.56O,OP-/O:;3.-Ł(bYU<56I2h;3.#I/-/''*#&.ffiõ
I/#&>(%0*'fi02(-<%>(=CQ-.  #:9(>(%K@),'*)F0-/+
)F0*-/=E'd)P%M)F0'1Q(O,#I7R)P%R0*),=E-
Ì
ôxb$cd2(-^K&5OP>(-/'  '-/.K-h56'f0*2(-h#&;
-/.m5%3+('\#:9r0*2(-4;56.m5O,OP-/O;(.*-Ł(R#&;
-/.50),#&%b
U<56I2?;3.#I/-/''*#&.YõffiA&-0'Q5Im7%fiffi¡M0p



bcd23-d;
5.m56O,O,-/O@;(.*-Ł(x#:;
-/.m50),#&%x0567:-/'0*),=E-
Ì
OP#:Ara
¡
Ì
O,#&ABr
#&%D56%yU<VWUYX
Z
Vf[^]è_W)F028aT;3.#I/-/''*#&.'^56%(+y.-/ª>(),.*-/'
Ì
,aW¡
Ì
BffilfiO,#&A<BffiWI/-/O,O,'^),%wA&O,#&Q56OY=E-/=E#&.kSTßænb
  A:),K&-/'{;(.*#qI/-/'*'#&.4õ^56%y)P%(+(-T)P%y02(-EOP),'04_12(-/.*-?),0hIH5%D'0#&.*-p02(-E),%3+(),I/-/'4#:9f02(-E>3%K)P'),0-/+D)F0*-/=E'^)P%T),0'
Q(OP#qI7bfcd2()P'W56A56),%M0m57&-/'\0*),=E-
Ì
ôxb
t
-/%(I/-&G(023-4.-§5'*'*),A&%(=E-/%0f0m57&-/'W0),=E-
Ì
ôÞOP#:ABffif#&%J56%JU<VWUYX
Z
V\[^] 56%(+s.*-/ªq>3),.*-/'fBffilfiO,#&A
«o¬å

­
ByA:OP#:Q
5O=E-/=E#&.kSCI/-/O,OP'Hb
 ifiñflff !òFx
»(¼
îrrï

%p#&>(.56%56OFS'*),'HG6_f-f25/K&-1+(),'0)P%(A:>3),'*2(-/+xQ
-0_f-/-/%?Q(),0'HG:%q>3=CQ
-/.*'nG&56%(+C),0-/=E'Hbfiv<),0'56.*-\I/#:%3')P+(-/.*-/+{+3)F¨-/.*-/%0nG
Q
-/IH56>('*-C),=E;(OP-/=E-/%0)P%(Ax023-/=`#:9g0-/%y_1),OPOr%3#60e)P%(I/.*-H5'*-{02(-C'0#&.m5A&-p5045OPOb

%J0*2(-C)F0*-/=E'fl
.*-/;(.*-/'-/%q050),#&%('HG
023-.*-h_1),OPOQ
-{#69g0-/%T5%J>(%>('*-/+sQ(),0\0250iIH5%JQ
-{>('-/+s0#E-/%(I/#+(-40*2(-JøÎK)P'),0-/+(ùpQ()F0*'nb$[iOP'*#(G(=856%SR=E-/=E#&.kS
'*>(Q('S'0-/=E'd0#+5/S8;3.#HK@),+(-h5+3+()F0)P#:%
5OQ()F0*'\;
-/.\I/-/OPO#&.\.*-/I/#&.+802
5H0e5.*-e>3'-/+s9g#&.\;56.*)F0SR-0I&bdi%3-e#:9fi02(-/=
I/#&>(O,+C;3.#&Q56Q(OFShQ-d>3'-/+{9o#:.),=E;3O,-/=E-/%0*),%(A\02(-fQ(),0'HbffiXD-d+3),'0),%3A:>()P'*2hQ
-0_f-/-/%?%>(=CQ
-/.*'5%3+{),0-/=E'fiQ
-/IH5>3'-
),%E=856%SpIH5'*-/'HG3L}I/#&>(O,+8Q
-WK-/.kSEOg56.*A:-&G9o#&.d-35=R;(O,-W)F9ffi-H56I2R),0-/=),'f5h=E-/=E#&.kSx;56A:-&b[i'<023-i-q0.m5hA&O,#:Q
5O
'0#&.56A:-4%3-/-/+(-/+sI/#HK&-/.*'e5h9o.56I0)P#:%s#:9fHlqLO,#&ABr$#:9r0*2(-4)F0*-/=E'nG0*2(),'1_1)PO,O
Q
-^K-/.kSR'*=856O,O9o#&.1Oo5.*A:-{LMb

9e_d-MIH5%),=E;3O,-/=E-/%0{02(-Q()F0*'C),%0*2(-s)F0*-/=E'flfi'0.>3I0>(.*-&G<02(-/%¥023-s=E#&'k0C'*),=E;(OP-85OPA:#&.*)F02(=©

2
5'?02(-
56+@K&5%q056A:-R0250C)F0h%(-/-/+('x%(#J#:02(-/.xA&O,#:Q
5Od'0#:.m56A:-&bJcd23),'4I/#&>(O,+=857&-?),0{2(-/OP;@9o>(O<)F9f0*2(-EI/#:=E;3O,-0-pA&O,#:Q
5O
=E-/=E#&.kSM256'40#MQ
-p;
-/.*=C>@0-/+y56'h)P'i0*2(-?IH56'*-C_W2(-/%T.*-/256'*2(),%(A80*2(-?I/#&=E;(OP-0-?5+3+(.-/'*'4'*;56I/-?#:9\5
Z
V\[^]
-/=C>(Oo5H0*),#&%b


 '_d#&.'0<IH5'*-WQ
-/25/K)P#:>(.<+3-/;
-/%(+('d#:%?02(-W;
-/.*=C>@0m5H0*),#:%ffib
v
#&.<=85%qS{;
-/.*=C>@050)P#:%3'Y023-1Q-2
5/K),#&>(.<'*2(#&>(O,+
Q
-J=C>(I2¥Q
-0k0-/.R0256%³L8O,#&A<Br
Í
b¢XD-J'>3;(;
#&.k0E0*2(),'856'*'>(=R;@0),#&%QS¥'*),=?>(Og50)P#:%.*-/'>3OF0'Hb
v
#&.EB ¡èæ

G
æ·¤õE· qG_d-M'*),=?>(Og50-/+D0*2(-5OPA:#&.*)F023=è#:%
EEw.m5%(+3#:=EO,SyI23#:'*-/%¯;
-/.*=C>@0m5H0)P#:%3'nbcd2(-5/K-/.56A&-8.*>(%
0)P=E-/'^5%3+w023-xK&5.*)g50)P#:%('^IH5%yQ
-C'*-/-/%T)P%JŁ3A&>(.*-Eæbh[iO,OfiK&56.)o5%3I-/'h56.-xK-/.S'*=85OPOG02(-?.>(%w0),=E-/'^56.*-p5OPO
'*=85OPO,-/.d0256%yYO,#&A<BYbecd2()P'12()P%0*'^5H0iC425/K@),%(As5?=C>(I2Q
-0k0-/.h5K-/.m5A&-xIH5'*-hQ
-/2
5K@),#&>(.W02
5%J_f#:.*'0iIn56'*-
Q
-/25/K@),#:>3.nb
t
#H_d-K-/.nG02(-C5K-/.m5A&-4IH5'*-^.>3%R0*),=E-^#69Y

'0)PO,O25'\0#pQ
-{5%
5OFS@ë/-/+b
ð4$fi&8ñ
»
ffffiò
»(¼W»
ffiï
cd23-M56>@02(#&.{_\56%0*'x0#J02
5%37^e56%Sv$.*-/'Oo5>3-.C5%3+16#:2(%¥cffi.*#:=E;T9o#:.x0*2(-/),.x;50)P-%3I/-80#wO,)P'k0*-/%56%(+D023-/),.
2(-/OP;@9o>(O'*>(A:A&-/'0),#&%('Hb
x
»y@»

»

»
ï
F^[eO,#&7e[iA&A56._\56OGn[i'*2(#&7zCb6"d256%(+(.m5G:5%3+x]J5.*IL%(),.Hbqi%4I/#&=E=C>(%3),IH5H0*),#&%eOo5H0-/%3IS^),%
Z
V\[^]}I/#&=E;(>@05§
0*),#&%('Hb

%
Ó$È*ÇnÄ¿¿Ü6ÃoÏÆ:ÂeÇkádÉo¾3¿6ÂmÉÕ\ÏÏãÁ:Å&ÕYrÖ¡ Ý6Ê
Ù
Ç6ÂÃ!ãÊ}Ç6ÏpÓ\Á6È*Á:ÅoÅ,¿ÅÕ1Å ÆqÇ6ÈÃ!Ég¾Ê{ÂWÁ6ÏÜiÕ\È*Ä¾qÃÉ¿ÄÉ!ã@È*¿mÂ
G
;
5A&-/'{:t¢@æ&b3[i"\]yG
£¤£@b
âæHhV\)PI256.+?]Db¥456.;?56%(+"ffe)o5S5iób&VW56=85I2
5%(+3.56%b@[¢'*>(.K&-Sh#:9;
5.m56O,O,-/O356O,A&#:.*)F023=E'9o#&.'*256.-/+¢=E-/=E#&.S
=M5I23),%(-/'Hb

% &5%sK:56%Jó-/-/>_d-/%ffiG3-/+(),0#:.HG¦
Á6ÏÜÀÇHÇË8ÇkáR½¾3¿kÇ6È¿ÉoÃÄ*Á:Å§Ç6Ê
Ù
ã(É¿ÈT ÄmÃ¿ÏÄ¿*à¨(Ç:Å,ÚrÕ
G;5A&-/'
¤©£fl¢£6ê(&b
UO,'*-K@),-/.HG
££Eb
 Tª#:.*ATe-/O,O,-/.Hb
t
5'*2()P%(A456%(+C.*-/256'*2(),%(A^),%?-/=C>(Og50-/+x'*256.-/+C=E-/=E#&.Sb@Vf-/;
#&.0$"L¢@V£&æêEG@"$-/%q0.*>(=K#q#&.
X),'*7q>(%3+(-4-/%

%@9o#&.=850)PIH5G
E£¤LC[i=E'0-/.*+5=wGcd2(-
'
-0*2(-/.*Og5%3+('HGfl££&æb
«¬
O,#&A<B
æ ê © ¤ 
E Hæ /ê 
©
­
flE
æE
E
ê¥E
®
¡°¯ß^Br
±
¡Q²fiß^Brk
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
r
 !òfifl
»
ì
b[WK&-/.m5A&-^.>3%R0*),=E-i#:9Y

56%(+MK&5.*)g50)P#:%
